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October 17,2005 

Dockets Management Branch 
U.S. Food and Drug Administration 
Document Control Room 
5630 Fishers Lane, First Floor 
Room 1061 (HFA-305) 
Rockville, MD 2085;! 

RE: Docket No. 02P-0377 

The enclosed article, “Pathophysiology of Mifepristone-Induced Septic Shock Due to 
Clostridium sordellii,” published in The Annals of Pharmacotherapy, explains the role of 
mifepristone (Mifeprex or RU-486) in medical abortions that result in lethal infections. 

The FDA reported that five U.S. women have died after taking mifepristone, four from 
septic shock. This particular kind of bacterial infection and sepsis may occur without the 
usual signs of infection, such as fever and tenderness on examination. All four were in 
California, leading us to believe other women around the country have suffered life- 
threatening infections or died after taking mifepristone but their adverse events have not 
been investigated or reported to the FDA. 

FDA and CDC experts have been quoted in news reports as being “baffled” by the 
connection between mifepristone and lethal septic shock. This article provides an 
explanation. 

Mifeprex providers continue to tell patients the drug is “extremely safe.” Healthy women 
who take the Mifeprex Regimine and end up in emergency rooms or dead would prove 
that this drug is not “extremely safe.” 

We respectfully request the FDA to immediately suspend the approval of the NDA for 
Mifeprex and enter an administrative stay to halt any further distribution and marketing 
of Mifeprex until final Agency action is taken to withdraw the NDA approval. 

Respectfully submitted, 

Executive Vice President 

CONLERNED WOMEN FOR AMERICA 

1015 kIfteenth Street. N u’ - Butte 11110 l Washtngton, D C 20005 l Phone (202) 488-7000 l F.IX (202) 488.0806 l UTUW cmfa erg 



Women’s Health 

Pathophysiology of Mifepristone-Induced Septic Shock Due to 
Clos fridium soralellii 

Ralph P Miech 

OBJECTIVE: To explain the role of mifepristone in medical abortions that results in fulminant and lethal septic shock due to 
C/ostr~du~~ sorde//u 

DATA SOURCES: MEDLINE, PubMed, and Google Scholar databases were searched (1984-March 2005). Key search terms were 
mrfepnstone. RU38486, RU486, Mlfeprex, medlcal abortion, septic shock, innate immune system, cytokmes, and Clostndum 
sordellir 

STUDY SELECTION AND DATA EXTRACTION: All articles identified from the data sources were evaluated and all informatton deemed 
relevant was included for the Inf,>rmation related to the development of the understanding of the pathophysiology of mifepristone- 
induced septic shock due to C sordellii 

DATA SYNTHESIS: The mechanisns of action of mifepnstone were incorporated into the pathophysiology of septic shock due to C 
sorde//// Mlfeprlstone, by blocklng both progesterone and glucocorticoid receptors, interferes with the controlled release and 
functioning of cart~sol and cytoktnes Failure of physlologically controlled cortisol and cytoklne responses results in an impaired 
Innate immune system that resulls In disintegration of the body’s defense system necessary to prevent the endometrial spread of C. 
sordelll, Infection. The abnormal Icortisol and cytokine responses due to mifepristone coupled to the release of potent exotoxlns and 
an endotoxin from C. .sordeLiare the major contributors to the rapid development of lethal septic shock. 

CONCLUSIONS: Theoretically, it appears that the mechanisms of mifepnstone action favor the development of infection that leads to 
septic shock and Intensities the actions of multiple Inflammatory cytokines, resulting In fulminant, lethal septic shock 

KEY WORDS: abortion, C/ostridiUm sordelk mifeptistone, septic shock. 
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I 11 studies of analogs of stcroicl hormones for palliative 
treatment ofdiscases that involve excessive adrenal pro- 

ductlon of glucocortlcoid hormancs (cg, Cushing’s syn- 
drome), mifepristone was found to have potent antlgluco- 
cortlcold activity In viva.’ As early as 1992, It was suggested 
that m~fepristonc might predispose bacterial contammation 
of tissue toward Infection that could progress to septic 
shock.‘,2 During the development of mifepristone as an 
‘antiglucocorticoid, the drug was found to have an addition- 
al side cffcct (ic, potent, long-acting antiprogesterone ac- 
tion). This finding changed the research focus to the use of 
mifepristone’s antiprogesterone action as a potential mcdl- 
co1 abort&&K. 

Author information provided at the end of the text. 

Prior to the Food and Drug Administration’s (FDA’s) 
approval of mifepristone for medical abortions, fulrnmant 
lethal cases due to Closkiium sorclellii in women of 
childbearing age were rare and exclusively associated with 
postpartum infections.“-” Toxic shock syndrome due to C 
sorzirllii has not been reported in surgical abortions. Since 
the FDA’s approval of mifcpristone, 4 US deaths and one 
Canadian death due to scptlc shock have been reportcd.6X 
Two of the US cases’ involved C. sordellii and resulted m 
mifepristone-induced septic shock. If the Canadian trial 
death8 is counted in the totals, there have been 3 C’. sot&/- 
Izz-related septic shock deaths and a total of 5 mlfepris- 
tone-related septic shock deaths. The bacteria involved in 
the third and fourth US deaths have not been documented. 
An additional case was reported9 but later rctractcd’” after 
It was found to be a duplicate report of the carlier Canadi- 
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an case.* C. sordellii is a gram-positive anaerobe Clinical 
rccogmtmn of Impending septic shock due to gram-posl- 
t~ve bacteria in medical abortions can be delayed because 
this type of infection is usually accompamed by both an 
absence of fcvcr and hemoconc:entration due to third spac- 
ing that leads to a deceptive normal hemoglobin conccn- 
tration. even in the presence of significant blood loss. 
Thus, the FDA has issued a Public Health Advisory on 
scpsls and medical abortion and revised the Black Box 
Warning on mifepriatone’s use in tnedical aborttons.’ 

Furthermore, septic shock due to gram-positive patho- 
gcns has not been studied mtcnsivcly compared with septic 
shock due to gram-negative pathogens.” Septic shock, 
acute respiratory distress syndrome, and multiple organ 
dysfunction arc consequences of a poorly controlled in- 
flammatory t-csponse to infection or tnjuty.‘* There is a 
tight balance between promtlammatoiy and antiintlamma- 
toiy cytokines that regulates the inflammatory process.‘” 

Cytokines activate macrophages, monocytes, and neu- 
trophils by favoring adhesion tcl endothelial cells and then 
cxtravasation from capillaries into the interstitial spaces 01’ 
Infected tissues. Cytokines are proteins that have paracrine, 
autocrinc, and endocrmc functions. They arc secreted by 
ussue leukocytes when activated by Ilpoteichoic acid 
(LT.4). Actrvation of the lcukocytcs in the innate nnmunc 
system does not require presence or synthesis of’ specific 
antibodies. Excessive cytokines in the systemic circulation 
can be the foretunner ofirreverslble septic shock. This artl- 
clc cxamincs the pathophyslology of septic shock associat- 
cd with mifepristoncimisoproslol medical abortions that 
resulted in endometritis due to C. .so~d~ll7z. 

C. sordellii in Post-Abortion Infections 

In addition to uncontrolled ulerine blcedmg, pucrperal 
Infection with c’ so7ddl1r leads to a distinctive and lethal 
toxic shock-like syndrome w C. sordelli~ IS part of the 
normal vaginal flora m about lo”/0 of women. The clmical 
aspects of C sordcllii bacteren:ia have been revicwcd.‘5 
Clmical infections of the vagina and/or uterus are usually 
prevented by the host’s innate immune system.‘” LTA is a 
structural component and degradation product of the cell 
wall of all gram-positive bacteria. Receptors on leukocytes 
that rccognizc the components and dcgtadation products of 
mlcroorgamsms are at the heart of the innate immune sys- 
tcm.” LTA stimulates tissue macrophagcs and ncutrophils 
to mitlate phagocytosls ofwhole bacteria that manage to 
ctoss normal ttssuc barriers and invade intcrstitlal tissue 
spnces. Thus. the mnate immune system normally destroys 
bacteria that are able to penetrate mucosal barriers before 
they arc able to multiply and secrete exotoxins as part of 
their Icthal toxicity. 

C’. sordellri products 2 potent cxotoxins-lethal toxin 
and hetnorrhagtc toxin-m addition to the endotoxin LTA 
Live bacteria actively secrete lethal and hemorrhagic tox- 
m.’ LTA is rclcased into the surrounding interstitial fluld 
when bacterlat cell walls disintegrate. Lethal toxm and 
ElfA can bc coltcctivcly or mdividualty rcsponslbtc fol- 

septic shock in an mfection caused by C. sordellii. Lethal 
toxin is a potent and specific inhibitor of G-proteins, which 
are critical for the transfer of cxtcmal signals to the interior 
of mammalian cells.‘x Lethal toxin also causes disorganiza- 
tion or dtsruptton ofthe cytoplasmic membrane and intra- 
cellular organelles, resultmg in cell lysis.ly LTA activates 
macrophages, monocytes. and neutrophils by binding to 
and stimulating toll-like receptors.‘” Activation of toll-like 
receptors, which are a functional component of the innate 
immune system, results m the synthesis snd relcasc of 
proinflammatory cytokines into the interstitial fluid.“‘**’ 
Excessive absorption of mterstitial proinflammatoly cy- 
tokines into the systemic circulation contributes to the in- 
tensity of sepsis as indicated by the uncontrolled cascade 
of coagulation, fibrinolysis, and inflammation that, in turn, 
leads to septic shock, multiple organ dysfunction, and 
death.” 

Mifepristone 

PHARMACODYNAMICS 

In the 197Os, steroid derivatives were investigated for 
their potential therapeutic use as glucocorticoid antagonists 
for palliative treatment of Cushing’s syndrome.’ In the 
course of toxicological studies in the 198Os, mlfepristone 
was found to be an abortifacient.’ Mifepristone IS pharma- 
cologically classified as both a progesterone antagonist and 
a glucocorticoid antagonist.” It binds to both progesterone 
receptors and glucocorticoid receptors without activatmg 
these receptors to any stgmficant degree. 

Mifepristone blocks glucocorticoid receptors throughout 
body tissues and even blocks cortisol’s negative feedback 
receptors in the hypothalamus and anterior pituitary. 
Blockade of these receptors results in the activation of the 
hypothalamus-pituitary-adrenal (HPA) axis and results in 
an increased rate of synthesis and release of cortisol from 
the adrenal cortex. Eslockade of glucocortlcoid receptors in 
teukocytcs inhibits the secretion of intcrleukln- IO (IL- IO), 
a very potent antiinflammatory cytokine.24 Without suf‘fi- 
cient release of IL- 10 at the appropnate time, intlammation 
ceases to be a host defense and becomes an uncontrolled 
and detrimental response to bacterial infection. 

The complex relationship between proinflammatory cy- 
tokincs and IL- IO has been demonstrated In an animal 
model of septic shock that employs cecal ligation and ncc- 
dlc puncture, resulting in polymicrobial intraabdommal 
sepsis. In this animal model, systemic levels of both the 
proinflammatory cytokines and IL- 10 were correlated dl- 
rectly with the scver[Q of septic shock.*” Producuon of IL- 
IO at the site of tissue infection was suggested as the best 
mdicator of disease activity compared with measurement 
of systemic levels of IL-I 0. Furthermore, tht precise tim- 
ing of the expression of IL-10 was found to be critical tn 
preventing mortality in the cecal ligation/needle puncture 
model. Blockade of glucocorticoid receptors by a single 
dose of mifeprlstone lowcrcd survival of mice to 15% 
from the control level of 7 I (%.lL 
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exhaustion, exerting appropriate antiinflammatory properties, 
and enhancing endogenous catecholamine ei?ects.2y”” 

Host survival in bacterial and viral infections is dcpen- 
dent upon the proper sequence and timely activation of the 
HPA axis for the productlon of cortisol?’ Mifepristone dis- 
rupts the negative pituitary feedback of the morning corti- 
sol rise,” thus altering the normal circadian rhythm for the 
production ofcortisol. This blockade of the normal nega- 
tive feedback receptors results, therefore, In a sustained 
and exccsslvc synthcsls and release of cort~sol from the 
adrenal cortex. Poorly controlled and elcvatcd levels of 
cortisol, in turn, produce excessive levels of IL- IO at the 
inflammatory site of the infection. 

IL- 10 inhibits the synthesis and rclcasc of early phase 
proinflammatory cytokines IL-I, IL- 6, and ussue necrosis 
factor (TNF)-CI.“*S- Normally, these proinflammatory cy- 
tokines set in motion a protective but controlled chain of 
events used by the innate immune system to rid the tissue 
of invadmg bacteria: ‘W Thus, according to this model of 
mifepnstonc-mduccd septic shock, sustained and cxccs- 
sive levels of IL-1 0 inhibit the production of these proin- 
tlammatory cytokincs, favoring the growth of C. .~&llii. 
As the Infection progresses, the secretion of lethal toxin in- 
creases. As more bacteria die, decomposition of their cell 
walls leads to increasing levels of LTA that further increas- 
es the production of proinflammatory cytokmes by 
macrophagcs. As infected tissue levels of lethal toxin and 
proinflammatory cytokincs increase, they arc absorbed 
into the systemic circulation, allowing the development of 
irrevcrsiblc septic shock (Figure 1). 

PHARMACOKINETICS 

Pharmacokmetic studies have shown that mifcpristone 
has a plasma half-life of 20--25 hours and 1s metabolized 
by the liver. Approximately 5 days are required for elimi- 
nation. It IS slowly demethylated by the microsomc system 
and, in particular, by CYP3A4. The plasma half-life of 
mifcpristone is markedly prolonged in patients who arc 
also takmg other drugs that are metabolized by CYP3A4, 
such as codeine. It is common praclice to prescnbc codeine 
for women who experience severe pain during mlfepns- 
tone abortions, thus prolongmg the eftects ofmlfepristone. 

ANTIPROGESTERONE AND THE ANTIGLUCOCORTICOID 

ACTIONS 

Mlfcpristonc IS a potent progesterone antagonist that, It1 
addltlon to its ability to block glucocortlcoid receptors. 
blocks progcstcronc receptors *’ Progesterone receptors 
have an affinity for mlfepristone that is 5 times greater than 
Its affinity for progesterone. Blockade of progesterone re- 
ccptors In the dccidua results in decldua ischcmla which, 
111 turn, results in rcjcction of the dcvcloping placenta and 
death of the embryo. Prolonged ischemia of the decldua 
and the embryonic placenta causes nccrosls of these tis- 
sues. Mifepristone also blocks l.he progesterone receptors 
III the cells of the cervical cana;, caustng cervical dilation 
and lquefaction ofthc cervical mucus plug2’ 

The combined loss of a closed cervix and the protective 
ccrvlcal mucus plug permits contamination of the decidua 
and the mtrauterine nccrotlc cells with aerobic and anaero- 
blc bacteria from the normal vagmal flora. Necrotic anoxlc 
tissue favors the growth of anaerobic bacteria and, as noted 
above, C’ sorddl~r 1s a strict anaerobe. Furthermore. block- 
adc of glucocortlcoid receptors by mIfcpristone either at 
the lcvcl of the I I PA axis or tissue macrophagcs, mono- 
cytes, and neutrophils can prevent the innate immune sys- 
ICIII from functiomng properly to eradicate contaminatmg 
bactcna In the decldua. 

Mifepristone-Induced Septic Shock 

Two different theoretical mechanisms could account for 
mifcpristonc causing the in utcro growth of c’. so&l/ii 
with resultant fatal septic shock. Future research may bc 
able to dlstingulsh whether one or both of these mecha- 
nisms arc operatl\c. Knowledge of the correct pathophysi- 
ology ofthrs type of septic shock would allow for early di- 
agnosis and Initiation of effective therapy. 

FIRST THEORETICAL MECHANISM 

In the absence of mlfepnstone, the innate Immune sys- 
tem stimulates controlled production and timely release of’ 
giucocorticolds to prevent an overshoot of an ongoing local- 
ized intlammatoty process.zx Jn the treatment of septic shock 
not associated ~101 mifcpristonc. low doses of glucocorti- 
colds have thzrappeutlc effects by correcting for adrenal cortex 

SECOND THEORETICAL MECHANISM 

Mlfepristone could promote the inflammutoly response 
to bacteria by virtue of its ability to block glucocorticold 
receptors in phagocytes located at the site of Invading bac- 
teria. Mifeprlstonc has been shown to bind to glucocortl- 
coid receptors in lymphoid cells and block the receptor 
ii-om dissociating into Its subunits, thus prcventmg nuclear 
receptor trans10cation.“6 In experimental animals, blockade 
of glucocorticoid receptors by mifepristone was shown to 
increase the mortality of endotoxemlc rats administered 
lipopolysaccharidc, a pathogen-associated molecular pat- 
tern compound. w By blocking glucocorticoid receptors 
in macrophages, monocytes, and neutrophils, mlfepristone 
would prevent the synthcsls and rclcasc of IL- IO. For cx- 
ample, rats pretreated with mifepristonc had a markedly at- 
tcnuatcd increase in plasma IL-10 level in response to tis- 
sue necrosis due to exposure to carbon tetrachlonde.“” In 
the absence of sufficient IL- 10, the production and release 
of IL- I, IL-6, and TNF-cx would progress in an uncon- 
trolled manner, lcadmg to an imbalance bctwccn the proin- 
tlammatoty and antiinflammatory cytokmes Systemic ab- 
sorption of cxcessivc prolnflammatory cytokincs would 
contribute to the further development of septic shock by 
causing additional systemic vasodllation, thus resulting m 
a critical fall m blood pressure and the inability to maintam 
homeostasis. 



Mrfepristone’s blockade of fleripheral glucocorticoid re- proper amounts, normally down-regnnate cytokine synthe- 
ceptors has been shown to increase productron of endotox- sis. Therefore, blockade of these receptors by mifepristone 
In-induced TNF, which contributes to the pathogcncsrs of enhances the susceptibility to septic shock.“” Furthermore. 
aepuc shock.3” Glucocortrcoid:;, at the proper ttme and in excessive levels of proinflammatory cytokines would con- 

Mifepiistone 

Antiprogeskrone Effects Antiglucocorticoid Effects 

1 
Blockade of Glucocorticoid Receptors 

Cervical Mucus 

i 
with Chtridiunz .sordel!ii-----+ Endometrial, Phagocytes Hypothalamus & Pituitary 

Release of 
ProinflanmMory f 

Late-Phase Cytokines 

v 
HMGBl 

III&order e!HP A axis 

I 4 
Ischemrc E;dometrium 1 

Massive Infection with 
Clostridium sordellii 

Exotoxin’ Exotoxin 

I Lethal Ifoxi,n Lipoteichoic Acid Hemorrhagic Toxin 

L * + 
Septic Shclck Toll-Like Receptors 

+ v 1 
Multiple Organ+Uncontrolled Systemic 

Failure Inflammation 
Uncontrolled + 

Bleeding 

L e Death 4 I 

Necrotic UJ 

Uterine Infection 
ClostAdium sordellii 

Misoprostol 
4 

Inhibition of Platelet Aggregation & 
Factor VIIa-Dependent Thrombin Formation 



tribute to the development of necrotic tissue in the uterus 
by their abihty to cause coagulation of the microvascula- 
[WC of the dccldua as part of the inflammatory response. 
As the inflammatory response progresses, there IS release 
of the late-phase cytokinc HMGB 1 from Icukocytes.‘” 
HMGR 1 functions as a paracrnle, autocrine, and endocrine 
stimulus by stumulating the toll-like receptors on leuko- 
cytes.l”l’ The net result of the stimulation of toll-like re- 
ceptors 1s the further increase in synthesis and release of 
early phase cytokincs. .I’ Thus, ;HMGB 1 contributes to the 
intensification of widespread tissue necrosis and also in- 
lcnsifies the ongoing septic shock process (Figure I ).“j 

Discussion 

The pathophyslology of septic shock in the presence of 
mifepristonc and an rnfectlon with C sordelli~ is mulli- 
faceted. Pucrpcral infection wltl C. sor-de//ii is usually ac- 
companied by excessive uterine bleeding but is character- 
ized by the absence of the classic signs of ongoing severe 
Infectlot (eg, fever) and a falling hemoglobin concentra- 
tion. Figure I shows the complex relationships that are the 
result of blockade of both progesterone receptors and glu- 
cocorticold receptors. Mifepristfzne’s multireceptor block- 
ade interferes with the protechve diction of the innate im- 
mune system. Malfunction ofthe innate immune system m 
combatmg the invasion of the dccidua by C smdel/ii lcads 
to septic shock as a result of ( ‘) the loss of physiologic 
control of both acute and late phase cytokines, (2) sccre- 
IWII of lethal toxu~ and liberation of LTA, (3) impropcl hor- 
mone sccrction ofcorti5ol. and (4) failure of appropnatc for- 
matlon and release of IL-1 0 An understanding of the inti- 
mate rclatlonships of the innate immune system, cytokmcs, 
pathogen-assoctated molecular Flattern compounds, gluco- 
cortlcoids, and B-type nattiuretic peptides may serve in the 
future as a clitncally useful paradigm to alert physicians to 
the posslbllity of impeding fulminating septic shock?“-4y 

Summary 

The FDA has remmded hcalthcare provldcrs that seri- 
ous bacterial infection and sepsis may occur without the 
usual signs of infection, such as fever and tenderness on 
examination. This artlclc demonstrates the likely patho- 
pbyslologic basis for this reality; that is, mifepristone’s ca- 
pacity to Increase a pregnant woman’s susceptibility to an 
othcrwlse rare cause of sepsis. If physicians and patients 
arc properly infonnod of the manner m which mifcpristonc 
can cause the rapid onset of septic shock, perhaps both 
groups will be more sensitive to any early warning qns, 
wl~~cl~ would allow earlier treatment of this otherwise po- 
tenttally lethal complication 

Ralph P Miech MD PhD, Associate Professor Emeritus, Depati- 
ment of Molecular Pharmacology, Ph!rstology, and Biotechnology, 
Brown MedIcal School, Brown Untverstty, 174 Meeting St Provl- 
dence, RI 02912-9107. fax 401/863-1595. Ralph-Mtech@brown edu 
Reprints: Dr Mlech 
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del choque sCpttco e mtensrfica la accl6n de las mtilt~ples cltoqumas 
mtlamatortas, lo que resulta en choque s+tlco mortal fillnunante. 
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CO~TI. IJSJON En thCone. II apparait que certams m&cam.\mes d’actlon 
dc la mtfcprtstonc favorlscnt I’mJtJatlon dc I’mfcctton qul rCsultc cn un 
choc septtque. T.‘actlon de muluples cytokmes s’en trowe mtenslfi&e. 
rCaultant amsl en uric rCaction fulmmantc ct Ic d&s 
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